As cancer mortality is high in most regions of the world, early screening of cancer has become increasingly important. Minimally invasive screening programs that use peripheral blood mononuclear cells (PBMCs) are a new and reliable strategy that can achieve early detection of tumors by identifying marker genes. From 797 datasets, four (GSE12771, GSE24536, GSE27562, and GSE42834) including 428 samples, 236 solid tumor cases, and 192 healthy controls were chosen according to the inclusion criteria. A total of 285 genes from among 440 reported genes were selected by meta-analysis. Among them, 4 of the top significantly differentially expressed genes (ANXA1, IFI44, IFI44L, and OAS1) were identified as marker genes of PBMCs. Pathway enrichment analysis identified, two significant pathways, the 'primary immunodeficiency' pathway and the 'cytokine-cytokine receptor interaction' pathway. Protein-protein interaction (PPI) network analysis revealed the top 27 hubs with a degree centrality greater than 23 to be hub genes. We also identified 3 modules in Molecular Complex Detection (MCODE) analysis: Cluster 1 (related to ANXA1), Cluster 2 (related to IFI44 and IFI44L) and Cluster 3 (related to OAS1). Among the 4 marker genes, IFI44, IFI44L, and OAS1 are potential diagnostic biomarkers, even though their results were not as remarkable as those for ANXA1 in our study. ANXA1 is involved in the immunosuppressive mechanism in tumor-bearing hosts and may be used in a new strategy involving the use of the host's own immunity to achieve tumor suppression.
Introduction Numerous studies to date have emphasized the importance of early detection in cancer, such that treatment can be initiated as early as possible. Indeed, early detection of cancer is key to successful treatment and patient survival [1, 2] .
Early screening is generally performed via testing in individuals with a high risk or high probability of tumor detection in early stages (secondary prevention) or to prevent complications (third-level prevention). The Cancer Screening Program aims to reduce the morbidity and mortality of cancer through early detection of malignant or precancerous lesions. However, the basic ethical dilemma of screening programs is that many people must be exposed to the burden and risk of intervention with little benefits [3] . In fact, the majority of existing screening approaches are invasive. For example, the highest recommended items listed in the US Preventive Services Task Force (USPSTF) Cancer Screening Guidelines (colon cancer and cervical cancer screening) are invasive techniques [4] . Invasive tools are not a satisfactory choice for weak patients, and healthy people with no symptoms are reluctant to undergo these procedures. In addition, most screening programs cannot recognize and diagnose tumors until they develop to a specific extent. As an example, if breast cancer is detected in the breast by palpation or mammography, it may have been present for several years, with the ability to spread to distant organs [5] . Accordingly, there is an urgent need to establish reliable tools for the identification of cancer at early stages, especially prior to the development of clinical symptoms.
Biomarkers have often been deemed an indicator of early tumor screening, and the effectiveness of their intervention in clinical diagnosis and monitoring has been confirmed many times. Early detection of cancer using effective biomarkers can facilitate more effective treatments, allowing patients to have better prognosis [6] . Tumor biomarkers include changes in tumor gene expression-specific mutations or promoter methylation that result in altered protein expression. Biomarkers produced by the tumor itself may be present in the adjacent body fluid or patient's blood circulation system, and this situation leads to a new strategy for establishing a minimally invasive early screening protocol for tumor detection. Furthermore, improvements in genomics and monitoring technologies have provided significant opportunities for cancer screening that make imaging more precise and more specific with regard to describing tumor biomarkers in the blood [7] .
Recently, studies have shown that peripheral blood can carry information related to the presence of diseases, including prognosis and treatment response. Compared with existing approaches, cancer detection based on peripheral blood is more advantageous because of the easy accessibility and less invasive procedure for obtaining samples [8] . More importantly, tests based on blood diagnoses can result in better patient compliance for some cancers, such as colon cancer [9] .
Peripheral blood mononuclear cells (PBMCs) are composed of immune cells, such as monocytes and lymphocytes. PBMCs are important players in the host immune defense system and can respond to various abnormalities in the host [10] . The development and survival of tumors is a complex process involving interaction between cancer cells, normal stromal cells, and host immune defense systems. The immune evasion mechanism of the tumor itself also has an important role. The main mechanism of tumor immune evasion is immunosuppression in the tumor microenvironment mediated by CD4+, CD25+, and FoxP3+ cells, regulatory T cells (Tregs) and other types of inhibitory cells [11] . Therefore, gene expression profiling of peripheral blood cells has potential in early cancer detection. The experimental results of Michael E. Burczynski et al. indicated that circulating monocytes of peripheral blood can be used as a surrogate monitor for tissues that are difficult to biopsy or a sensitive monitor to check the physiological state of the organism because they can migrate through various tissues of the body [12] . Additionally, Natalie C. Twine identified a group of PBMCs predictive genes that can distinguish between renal cell carcinoma (RCC) patients and normal volunteers with high precision. Furthermore, ongoing research by this group demonstrates that PBMCs from RCC patients can be accurately distinguished from the PBMCs of normal volunteers and also from those of patients with other types of solid tumors [13] . According to the characteristics of these cells, Praveen Sharma et al. showed that PBMCs can be used to develop gene expression-based tests for early detection of breast cancer [14] . The study by Michael K. Showe also suggests that the use of peripheral blood gene expression features to identify early nonsmall cell lung cancer (NSCLC) in high-risk populations is feasible and may reduce the number of patients who need to undergo biopsy or surgery to determine whether they have benign pulmonary nodules [15] .
The rationale for using the PBMC transcriptome gene as a monitor for malignant solid tumors is based on the mechanism by which malignant growth causes characteristic changes in the blood biochemical environment. These changes are mostly related to the immune evasion mechanism of the tumor itself and will affect the expression pattern of some genes in blood cells. PBMC transcriptome gene expression is easily extracted as a tumor screening marker. Given their accessibility, PBMCs may provide potential predictive biomarkers in clinical pharmacogenomics [16] .
In this study, we investigated solid tumors and selected human PBMC genetic alterations as a new screening program. We believe that blood-based surrogate markers may serve as accessible biomarkers for early detection, diagnosis, prognosis and prediction of cancer treatment outcomes. Here, we summarize the genetic changes in human PBMCs reported in previous work and confirm the feasibility of this new tumor screening project. The tumor types in this study were limited to solid tumors because hematological tumors, such as leukemia and lymphoma, have a certain impact on human peripheral blood mononuclear cell gene expression. The purpose of our study was to identify potential biomarkers of cancer at an early stage. Cases of advanced cancer were not included. Through this study, we hope to find a new approach for the development of a blood-based gene expression test for early cancer detection.
Materials and methods

Selection of microarray datasets for meta-analysis
We performed a detailed and comprehensive search of microarray datasets in the Gene Expression Omnibus (GEO) database of the National Center for Biotechnology Information (NCBI) (http://www.ncbi.nlm.nih.gov/geo/) according to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines published in 2009. To maintain objectivity, the data were extracted from the original database search by two independent reviewers, and any discrepancies between the two reviewers were resolved through consultation with a third reviewer. We used the terms "tumor" and "peripheral blood" as the search keywords for this study, and 797 datasets were obtained from the GEO database. We also included datasets containing the following: 1) RNA research; 2) samples from solid tumors; 3) samples not receiving any tumor treatment; and 4) control samples from the peripheral blood of healthy people. We excluded datasets if they contained the following: 1) hematological tumors, lymphomas, and other tumors that can directly affect related genes in peripheral blood; 2) sample sizes less than 10; 3) terminal cancer samples and 4) nonhuman omics studies.
Selection of reported genes
We then performed searches in the PubMed database based on the keywords "tumor" and/or "peripheral blood" to explore published articles. We collated articles using the same inclusion and exclusion criteria as for the GEO analysis. After reading the selected literature, we selected relevant reported genes and generated a table that was used in the meta-analysis to identify common genes. Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis of these genes was also performed to determine relevant biological functions.
Meta-analysis of microarray datasets
Prior to the meta-analysis, we performed data normalization of the selected datasets using R statistical software (http://www.r-project.org/) to obtain common genes. We summarized the reported genes from the selected datasets, processed the meta-analysis using genes from the normalized datasets and reported genes by using the MAMA, RankProd, affyPLM and CLL software packages in R statistical software. A list of differentially expressed genes (DEGs) was identified based on P-values, and the top ten genes with their corresponding absolute value of P were selected for forest plot analysis to observe differential expression reported in the literature.
GO annotations and KEGG pathway enrichment analysis
Based on the results of the meta-analysis, the most significant DEGs were evaluated by enrichment analyses. Gene Ontology (GO) annotation and KEGG pathway enrichment analyses were conducted to identify the most significant DEGs using the WEB-based GEne SeT AnaLysis Toolkit (http://www.webgestalt.org/option.php) with a significance threshold of false-discovery rate (FDR) less than 0.1.
Protein-protein interaction (PPI) network construction
To obtain a clear understanding of the cellular functions and biological activities of PBMC marker genes in solid tumors, we analyzed the DEGs in the Search Tool for the Retrieval of Interacting Genes/Proteins (STRING, http://string-db.org) database. PPI networks were constructed with a confidence score greater than 0.4 as the significance cutoff value, aiming to offer an overview of the functional protein association networks. Afterward, the acquired data were visualized using Cytoscape software.
Selection of hub genes and modules
CentiScaPe 2.1 was employed to calculate the degree, closeness, and betweenness of the PPI network. We identified hub genes based on the degree of the node. The most important PPI network clustering module was selected in Cytoscape using MCODE software with degree cutoff = 2, node score cutoff = 0.2, k-core = 2, and max depth = 100. The DEGs in each module with an FDR of less than 0.01 were then subjected to pathway enrichment analysis (using STRING) to explore the biological function of each module.
Results
Selecting a microarray dataset associated with solid tumors for metaanalysis
According to the inclusion criteria, four datasets (GSE12771, GSE24536, GSE27562, and GSE42834) including 428 samples, 236 solid tumor patients, and 192 healthy controls were chosen from among 797 datasets (see Materials and Methods and Fig 1) . The tumor samples consisted of various types of tumors, including breast cancer, lung cancer, and melanoma. The four GEO series (GSE) all used the microarray dataset from tumor samples and normal control samples ( Table 1) . We retrieved 8,126 related articles from the PubMed database, which were narrowed down to 28 by applying the inclusion and exclusion criteria. A total of 440 reported genes were found in these articles (S1 Table) ; the flow chart is shown in Fig 2. As some genes appeared only once, the results were not stable. In the meta-analysis, 285 genes from among 440 reported genes were selected using the MAMA, RankProd, affyPLM and CLL software packages in the R statistical software. (S2 Table) , and 20 genes, the top ten with positive and negative absolute P-values were used in forest plot analysis (S1 and S2 Files).Ultimately, 4 genes (ANXA1, IFI44, IFI44L, and OAS1) with significant forest plots were determined as the marker genes of PBMCs (Fig 3) .
GO and KEGG pathway enrichment analysis
To further investigate the function of the reported genes and DEGs, we performed a KEGG pathway enrichment analysis of 440 genes with a significance threshold of less than 0.1 ( Table 2) . We also performed biological process functional GO and KEGG pathway enrichment analyses on 285 genes (Table 3 ) and constructed a channel-enriched bubble chart of the KEGG pathway enrichment analysis using the ggplot2 software package in R software (Fig 4) . The bubble chart shows the ratio on the horizontal axis and the path name on the vertical axis, and the size of the bubble represents the observed gene number. The color of the bubble represents the -log10 P-value. Therefore, larger bubbles indicate the detection of more genes in the pathway, and the deeper the bubble color is, the smaller the P-value of the pathway is. We identified two significant pathways and the 'primary immunodeficiency' pathway and 'cytokine-cytokine receptor interaction' pathway, through this analysis. 
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Hub gene and module screening from the PPI network
To further visualize the cellular functions and biological activities of the 285 genes, a genetic interaction network map of DEGs was drawn in Cytoscape. First, we identified a PPI network, which consisted of 285 nodes and 2,655 edges with a confidence score greater than 0.4 based on the STRING database. The top 27 hubs with degree centrality greater than 23 were screened as hub genes from the PPI network. These genes included annexin A1 (ANXA1), signal transducer and activator of transcription 1 (STAT1), signal transducer and activator of transcription 3 (STAT3), CX3C motif chemokine receptor 1 (CX3CR1), CXC motif chemokine receptor 2 4 genes (ANAX1, IFI44, IF44L, and OAS1) .
https://doi.org/10.1371/journal.pone.0230905.g003
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Identification of human peripheral blood monocyte gene markers of solid tumors (CXCR2), CC motif chemokine receptor 1 (CCR1), CC motif chemokine receptor 5 (CCR5), CC motif chemokine receptor 7 (CCR7), CC motif chemokine receptor 4 (CCR4), CC motif chemokine receptor 2 (CCR2), CXC motif chemokine ligand 9 (CXCL9), CD19 molecule (CD19), CXC motif chemokine receptor 3 (CXCR3), C motif chemokine ligand 5 (CCL5), CXC motif chemokine receptor 4 (CXCR4), CD86 molecule (CD86), CXC motif chemokine ligand 10 (CXCL10), forkhead box P3 (FOXP3), CXC motif chemokine ligand 8 (CXCL8), proplatelet basic protein (PPBP), CC motif chemokine ligand 2 (CCL2), interferon gamma (IFNG), phospholipase C gamma 1 (PLCG1), spleen associated tyrosine kinase (SYK), CD40 molecule (CD40), protein tyrosine phosphatase nonreceptor type 6 (PTPN6), and ubiquitin A-52 residue ribosomal protein fusion product 1 (UBA52) ( Fig 5) . We then found 3 modules in the MCODE analysis and used Cluster 1 (related to ANXA1), Cluster 2 (related to IFI44 and 
Discussion
The current early screening tools for tumors are limited to use at an identifiable stage, and most are invasive. The early stage of tumor formation may change the immune components in human PBMCs; Thus, utilizing such changes will aid in the detection of a new target for the early screening of tumors. Because tumors caused by blood diseases such as leukemia may change the composition of human PBMCs without an immune response, this study focused on early screening of solid tumors only. In addition, the statistics of terminal stages of cancer are not conducive to establishing a biomarker indicating the transformation of early stages. Ultimately, we examined 4 datasets chosen from among 797 datasets, involving 3 types of solid cancer.
In this study, we performed a meta-analysis of PBMCs between patients with solid tumors and normal healthy individuals to define possible target genes. A total of 285 genes were selected during this analysis. According to forest plot analysis of the 20 top genes, 4 genes (ANXA1, IFI44, IFI44L, and OAS1) were determined as the marker genes of PBMCs. All the Pvalues of the 4 genes were significant (P>0.05), demonstrating the stability of the genes being presented across each of the datasets. To classify the function of the 285 genes, GO and KEGG pathway enrichment analyses were performed. Furthermore, we chose the top 27 hub nodes with a degree centrality greater than 23 from the PPI network as hub genes and found 3 important clusters related to the four selected genes (ANXA1, IFI44, IFI44L, and OAS1) . KEGG pathway enrichment analysis was also used to investigate the functions of these modules.
As reported in the majority of previous studies, ANXA1 is produced by many cell types, including peripheral blood leukocytes, where ANXA1 is mainly expressed in neutrophils. [17] Loss of function or expression of ANXA1 has been detected in multiple tumors. ANXA1 may function as either a tumor suppressor or a tumor promoter, depending on the type of tumor cells/tissues [18] . Additionally, some studies have shown that its positive expression is correlated positively with the progression of several types of cancers. In our study, we found that ANXA1 was overexpressed in the PBMCs of cancer patients, and thus hypothesized that it could serve as a biomarker of cancer diagnosis. In terms of our analysis, we found the highest ratio of ANXA1 in the primary immunodeficiency pathway. Defects in immune cells, such as suppression of immune cell proliferation in patients, may be diagnosed as primary immunodeficiency. Enhanced expression of ANXA1 might reduce the in vitro peripheral blood lymphocyte response to mitogens, activate the ERK/MAPK pathway and reduce immune cell proliferation by disrupting the actin skeleton and abolishing cyclin D1 expression [19] . All these events give rise to primary immunodeficiency, facilitating tumor immunity escape. Other studies have reported the possible effects of ANXA1 on mitogen-activated T cells in humans. Consequently, overexpression of ANXA1 results in malignant proliferation of cancer cells by causing disorder in the immune system. Moreover, it was reported that increased ANXA1 expression can abolish COX-2 expression. COX-2 exerts a negative effect on immune surveillance, plays a key role in tumorigenesis, and is associated with angiogenesis in the transition period of carcinoma [20] . These mechanisms indicate that ANXA1 can mediate many diverse cellular functions, such as inflammation and proliferation, and has an important effect on suppressing the development of cancer.
In addition to the primary immunodeficiency pathway, a large proportion of the summarized genes, including ANXA1, are involved in the cytokine-cytokine receptor interaction reference pathway that affects the status of carcinoma. Most genes in Cluster 1 are linked to the cytokine-cytokine receptor interaction. Moreover, ANXA1 was included in Cluster 1, with many genes included in the CC and CXC subfamilies. Both families of chemokine factors are involved in the chemotaxis of leukocytes and promote the proliferation of immune cells, resulting in pleiotropic effects including the stimulation of monocytes, natural killer and T-cell migration, and the modulation of adhesion molecule expression. These actions inhibit the expansion of tumors. Thus, we suggest that ANXA1 might influence the course of neoplasms by affecting interaction between cytokines. High ANXA1 expression exerts its effect via inhibition of CC and CXC subfamily members, leading to a restricted in immune response to cancers. Regarding other aspects of the cytokine-cytokine receptor interaction reference pathway, cytoplasmic ANXA1 exhibits anti-inflammatory activity by inhibiting phospholipase A2. Extracellular ANXA1 regulates leukocyte migratory events through interactions with n-formyl peptide receptors, binding to the formyl peptide receptor (FPR) on neutrophils and preventing transendothelial extravasation. These activities interrupt the process of leukocyte migratory events and suppress immune system attack of cancers. These findings may explain elevated expression of ANXA1 in infiltrating leukocytes. Alternately, as a substrate protein of EGFR, ANXA1 may contribute to neoplasm growth via autocrine and paracrine effects and sustain 
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All the samples we selected were from cancer patients with an exact diagnosis, most reaching a diagnosable stage. At this stage, the immune system is weaker with regard to combating cancer and cannot effectively stop the malignant growth of tumors. ANXA1 is expressed at low levels in PBMCs with benign tumors, which would affect malignant expansion. Decreased expression of ANXA1 has been shown to be responsible for a strong delay of proliferation, migration/invasion, and angiogenesis in melanoma, lung carcinoma, NSCLC, breast cancer, and prostate cancer models [22] . In general, ANXA1 is aberrantly expressed in both benign and malignant tumor stages compared with that in the healthy population. Because of its abnormal expression in PBMCs, ANXA1 might be a meaningful biomarker for cancer diagnosis and is considered a primary mediator of anti-inflammatory activity.
Our study also found IFI44, IFI44L, and OAS1 to be overexpressed. These genes are associated with interferons. Expression of OAS1 is induced by interferons against cancers. IFI44 belongs to the INF-α family, mediating the inflammatory response. IFI44L might be a novel tumor suppressor that affects cancer stemness, metastasis, and drug resistance in cancer cells. 
Radiotherapy and systemic chemotherapy are the traditional choices of treatments for patients with cancer. However, they also induced a range of side effects due to their nonselective killing of malignant and normal cells. Immune checkpoint blockade has improved cancer treatment with lower rates of treatment-related toxicity. Abnormal changes in the molecular characteristics of the immune microenvironment are also helpful for the early diagnosis of malignant tumors and for understanding of immunosuppression in patients. In this study, overexpression of ANXA1 in the PBMCs of cancer patients, depending on the cancer 
Identification of human peripheral blood monocyte gene markers of solid tumors proliferation status, suggests the potency of ANXA1 as a biomarker of the identification of cancer. This finding might help us in detecting cancer much earlier. Furthermore, this ANXA1 overexpression depending on the cancer proliferation status suggests the potency of ANXA1 as a biomarker of the identification of cancer, aiding in the identification of cancer early. This study was exploratory, defining a specific tool using PBMCs as biomarker for identifying solid tumors at an early stage. This approach has not yet been popularized and requires formal and independent validation. Nonetheless, we hope to continue this research on the basis of our results.
Conclusions
ANXA1 is involved in the immunosuppressive mechanism of tumor-bearing hosts and can be used as a new strategy involving the use of the host's own immunity to achieve tumor suppression. IFI44, IFI44L and OAS1 are potential diagnostic biomarkers, though the results for these genes were not as remarkable as those for ANXA1. However, our study mainly describes the variation in ANXA1 in several solid cancers, and the inclusion of more cancer types and application of further experiments for validation are needed.
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